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Abstract 
An automated computer-assisted system for the testing and characterisation of (bio-)chemical sensors on wafer level is 
developed and integrated into a commercial prober station. The system enables the identification and selection of “good” 
sensors on wafer level and thus, allows avoiding expensive bonding, encapsulation and packaging processes for defective 
or non-functioning sensor structures. Moreover, a specifically designed flow-through electrochemical microcell offers the 
possibility of wafer-level characterisation of (bio-)chemical sensors in terms of sensitivity, hysteresis and response time at 
an early process stage. The system has been exemplarily tested using wafers combining pH-sensitive field-effect 
transistors with different geometrical sizes and gate layouts. 
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1. Introduction 
In the production of integrated circuits, the testing and quality control at wafer level using different commercially 
available automatic wafer probers and testers is an established technology. In addition, recently, wafer-level test 
solutions for several physical sensors, like pressure sensors, accelerometers and microphones, have also been 
reported1. In contrast, the quality control of (bio-)chemical sensors and selection of defective or non-functioning 
dies is usually carried out on chip-level, i.e. after dicing, bonding, encapsulation and mounting, because the devices 
are working in contact with a wet or gaseous environment. In case of a liquid analyte, the chemical substances 
should be applied to the device in order to verify its functionality, while the contact areas for electrical testing 
should be kept dry and isolated from the electrolyte solution. The bonding, encapsulation and packaging costs can 
be the essential part of the total production costs2,3, which are further wasted for non-functioning chips (bad dies). 
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 Therefore, the wafer-level testing is needed in order to identify defects at the earliest stage and to select those 
devices, which meet the predefined sensitive characteristics (good dies) and thus, to avoid further expensive 
processes for bad dies. 
Commercially available instrumentations for wafer-level testing are mostly designed for integrated circuits testing 
and therefore, are not capable for chemical sensors and biosensors working in liquids. Various wafer-level testing 
procedures in combination with electrochemical techniques (e.g., cyclic voltammetry, electrochemical impedance 
spectroscopy and scanning electrochemical impedance spectroscopy) have been suggested for microelectrodes2,3. 
More recently, a wafer-level testing system for ISFETs (ion-sensitive field-effect transistor) has been developed by 
means of integration of a capillary glass micro-droplet cell into a commercially available prober station4,5. Although 
the capillary glass microcell is a very useful tool for applying tiny electrolyte droplets on the investigated surface 
and provides spatially resolved electrochemical measurements on wafer level and in the micrometer scale6,7, 
nevertheless, some disadvantages (difficulties for assembling and handling, breakability of the filigree glass 
capillary, time-consuming procedure of manual positioning and electrolyte change) limit a wide application of this 
technique. 
In this work, an automated computer-assisted wafer-level testing and characterisation system for (bio-)chemical 
sensors is developed by means of integration of a specifically designed flow-through electrochemical microcell into 
a commercially available prober station. 
2. Experimental 
The developed automated computer-assisted wafer-level testing and characterisation system for (bio-)chemical 
sensors is shown in Fig. 1. The system combines a flow-through electrochemical microcell with an integrated liquid-
junction micro-reference electrode, a counter electrode, contact needles, a semiconductor parameter analyzer 
(4155C from Agilent) or home made 4-channel ISFET-meter, micromanipulators for the positioning of the 
microcell, and two video cameras for optical control. The system allows a computer-assisted movement of the 
microcell with integrated reference and counter electrode in x-y-z directions with a micrometer-scale resolution, 
easy application and fast exchange of different analyte solutions on the sensitive part of the particular sensor 
structure as well as addressing and readout of the sensors directly on wafer level. 
 
 
 
 
 
 
 
 
 
Fig. 1. Photo of the developed automated computer-assisted wafer-level testing and characterisation system for (bio-)chemical sensors. 
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The developed system is capable to scan the microcell over the wafer surface for a fast testing of all sensor 
structures, to identify and select “good” sensors at the earliest stage of the fabrication process and thus, to decrease 
costs that are wasted for bonding, encapsulation and packaging of bad dies. Moreover, in addition to functionality 
tests, the system also enables the wafer-level characterisation of (bio-)chemical sensors in terms of sensitivity, drift 
or hysteresis in static solutions as well as in a flow-through or FIA (flow-injection analysis) mode. The system is 
integrated into a commercial wafer prober-station (PM5 from Süss Microtec). 
3. Results and discussion 
The system has been exemplarily tested using wafers combining pH-sensitive ISFETs with different geometrical 
sizes and gate layouts. As an example, Fig. 2 shows a fragment from the tested wafer. Each die (chip) consists of an 
U-shaped Ta2O5-gate pH-sensitive ISFET and  an Al-gate transistor as reference device. The pH-sensitive Ta2O5 (80 
nm) layer has been prepared by thermal oxidation of sputtered Ta (40 nm thick) in a dry oxygen atmosphere for 
about 2 h. The basic characteristics of these ISFETs (but encapsulated) have been reported previously8-11. 
 
 
 
 
 
 
 
 
Fig. 2. Fragment from the tested wafer combining Ta2O5-gate pH-sensitive ISFETs and an Al-gate transistor as reference device. 
To test the functionality of the ISFETs, a buffer solution of pH 7 was applied to the gate area of the selected 
ISFET on the wafer by means of the microcell, and a set of output and/or transfer curves has been recorded using the 
semiconductor parameter analyzer or a home-made ISFET-meter. In addition to functionality tests, the developed 
system also allows a wafer-level characterisation of ISFETs in terms of pH sensitivity, drift or hysteresis by 
applying buffer solutions with different pH values to the gate surface. As an example, Fig. 3 represents a constant-
charge-mode dynamic response for a Ta2O5-gate ISFET in buffer solutions from pH 3 to pH 9 measured on wafer 
level by means of the developed system. The pH sensitivity evaluated from Fig. 3 was 57-58 mV/pH, comparable to 
that, which has been measured on chip-level with fully encapsulated ISFETs8-10, i.e. after the complete fabrication 
process. 
The obtained results demonstrate the feasibility of the developed system for the testing and characterisation of 
ISFETs on wafer level. Nowadays, the technological process of fabrication of ISFETs has been achieved to such a 
high-sophisticated level that ISFETs exhibit performances, which are comparable with those of glass pH-
electrodes12. However, to our knowledge, so far there is no commercially available automated computer-assisted 
equipment for a wafer-level testing and characterisation of field-effect (bio-)chemical sensors, in particular for 
ISFET-based biosensors. In this context, the wafer-level testing system developed in this work could be a very 
useful tool for both ISFET producers and ISFET end-users. Additionally, the system can be extended for the wafer-
level characterisation of further (bio-)chemical sensors. 
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Fig. 3. Constant-charge-mode dynamic response for a Ta2O5-gate ISFET recorded on wafer level in different pH buffer solutions. 
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